Abstract. Weather, climate and climate change can cause significant risks to businesses and public administration. However, understanding these processes can also create opportunities. Information can help to manage these risks and opportunities, but in order to do so, it must be in line with how risk management and decision making works. To better understand how climate risks and opportunities are reflected in different organizational processes and what types of information is needed and used, we conducted a study on the perceptions and management of weather and climate risks in Finnish organizations and on their use of weather and climate information. In addition, we collected feedback on how the existing climate information tools should be developed.
Introduction
Even as our understanding of climatic processes and their impacts is steadily improving, fundamental uncertainties in climate and its impacts remain. Adapting to current and future climate is thus essentially risk management. It should be noted, though, that a broad view of risk management does not only include reducing losses and damages but also seizing opportunities. Climate services are in this sense tools for managing climate risks. For clarity, we define climate risks here as risks caused by weather, climate and climate change.
The use and usefulness of different climate information and climate services have been discussed in many papers and studies of different scale and scope. Lemos et al. (2012) pointed out the usability gap between needed and provided information. The insufficiencies of the traditional provision of climate information have also been brought up in various studies looking at information products, such as seasonal forecasts (Bolson et al., 2013; Kirchhoff et al., 2013; Soares and Dessai, 2016) and scenario-based climate predictions (see e.g. Kirchhoff et al., 2013; Pilli-Sihvola et al., 2014; Soares and Dessai, 2016) . Typically deeper co-operation with suppliers and users and demand-or user-driven approaches (McNie, 2013; Lourenço et al., 2015; McGregor, 2015) are suggested as measures to address these challenges of the production and use of climate information.
Surveying user needs and tailoring services accordingly might very well result in improved adaptation. But it might also be too narrow of an approach because not all potential users or stakeholders are able to articulate their needs. In order to reach a wider audience, it might be wise to take a more in-depth view and try to understand especially the organizational context for the use of climate information. Following suggestions by Berkhout (2012) , Kirchhoff et al. (2013) and Vaughan and Dessai (2014) to evaluate climate services in an organizational context we take a step back and look at the fundamentals in current use and needs for climate information in Finnish organizations. In this condensed paper we focus on the interpretation and conclusions of the results and discuss them in the context of organizational risk management. Since weather and climate are sources of different risks to organizations, this risk management perspective can bring valuable new insights to climate services development.
The research described here was conducted as a part of a research project Proactive management of weather and climate related risks (ELASTINEN) that was funded by the Prime Minister's Office of Finland within the Government's analysis, assessment and research activities. The results described here have previously been discussed in separate reports (in Finnish) Gregow et al., 2016) .
Study design
The study was based on two consecutive methods. First, a survey was prepared for Finnish public and private organizations. The survey questionnaire covered background information, the impacts of weather and climate to the organization including risk management practices relating to weather and climate, information sources and their usefulness, and the improvement/development of preparedness. The survey respondents were sampled from existing stakeholder lists maintained by the partners within the study. Of the 500 recipients 118 responded to study. The survey was conducted using an online form and the responses were collected between 30 November and 13 December 2015 during which time two reminder messages were sent. The survey study was designed to be explorative in nature and the final recipient sample is not a statistical representation of the Finnish organizations in general. The English translation of the full survey questionnaire is presented in Appendix A, and in the results section specific questions are referred by their number in parentheses.
The survey was followed by a stakeholder workshop held at the premises of the Finnish Meteorological Institute on 27 January 2016. The workshop brought together 42 experts from different stakeholder organizations with the aim of deepening the survey results and further developing ideas on the management of weather and climate risks both in general terms and regarding specific information services. The workshop participants were invited using the same pool of recipients that was used in the survey, with the idea to collect more in depth views on the issues touched upon in the survey. The combined results from the survey and the workshop were then analysed in the context of risk management, with the aim of synthesizing pragmatic conclusions and guidelines to support the future provision of climate services and climate related decision making.
Results

Survey results
The survey respondents represented a wide spectrum of different organizations within Finland. A little over half (53.5 %) were public organizations, 37.7 % represented private enterprises, and the remaining 8.7 % were non-profit organizations (Question #1). Different sectors were varyingly represented with the largest shares by agriculture and food production (15 %) and health services (12 %) (Question #2). The individuals representing the respondent organizations were experts (40.4 %), executives (36.8 %) and middle management (22.8 %) (Question #7), and a clear majority (87 %) had over 5 years of expertise in working in their field (Question #9). The survey had altogether 31 questions that covered weather and climate risk management from various aspects.
Regarding the impacts of weather and climate to the respondents, heavy rain, flooding and storm winds were considered the most harmful phenomena affecting them (Question #14). When categorizing different types of phenomena, extreme events were considered more significant than permanent climatic shifts which were then more significant than exceptional seasonal conditions, as depicted in Table 1 (Question #10). In general, the events in Finland were considered more significant than those occurring outside Finland, hinting that direct impacts are a more significant cause for concern than indirect ones.
Overall, a little over half (54 %) of the respondents considered weather and climate risks either as more significant than or at least as significant as other risks in general (Question #22). When asked about the potential positive impacts of climate change, (Question #12) 48 % of the respondents identified some positive impacts or future opportunities such as enabling new business or improving market position in relation to others as presented in Fig. 1 . Avoiding economic losses was the principal driver of weather and climate risk management especially in the private sector (Question #18). Almost all of the responding organizations have assessed their weather and climate riskshowever only 36 % do this systematically and not only sporadically or through a one-time effort (Question #15). Figure 2 provides a more detailed breakdown.
The assignment of responsibility for managing weather and climate risks was diverse across the respondent organizations (Question #17). While around half (51 %) had a designated person responsible for managing weather and climate risks, the organizational function of this person varied greatly between the respondents. Most typical functions were risk management, production or corporate responsibility and environmental management. 40 % have not assigned a clear responsibility over weather and climate risks and the remaining 9 % of respondents did not know the situation. Considering time scales within risk management, organizations that expand their risk horizons over 10 years in the future were a minority (15 %) among the respondents (Question #16).
Regarding information sources, the networks of internal and external experts, open data and specific information products were in general considered most useful in managing weather and climate risks (Question #25). The detailed results are presented in Table 2 . As for the barriers resulting from the information itself, the usefulness of information is limited by the limitations in temporal and spatial resolution and uncertainty (average significance of 3.4 on a five-scale evaluation, Question #34). Limits of available and accessible information were also considered among the most significant barriers to weather and climate risk management (average significance 3.0) together with lack of resources within the respondent organizations (average significance 3.1). Rest of the suggested barriers were on average considered less than somewhat significant as they scored less than 3.0 on the scale. These barriers could likely be most efficiently addressed with tailored and more usable information and transparent communication of uncertainty such as including probabilities in predictions and forecasts, as these measures scored high in the follow-up question (Question #30). Establishing expert networks and assembling information from different sources into one-stop portals were also considered significant possibilities to improve preparedness and weather and climate risk management.
Workshop results
The discussions in the workshop followed similar lines to the survey results. In general, the main outcomes of the discussions can be grouped under six themes: Regarding improvements in communication, the participants brought up that information on weather and climate risks needs to be easily and timely accessible and understandable. Visualizations, practical approach and storytelling are potential ways to freshen up communication and increase interest. Crowdsourcing and social media platforms may enable reaching new audiences.
The workshop participants also concluded that actionable predictions and warnings would require not only more precision and accuracy but also designing services from the user perspective. This could mean including impact information as well as assessments of uncertainties and return periods within the predictions. Participants also considered transparency in the form of frequent updating and communication of different probabilities (i.e. not only the most likely impacts but also the likelihood of the most severe impacts) important in connecting weather and climate information to decision making.
The participants representing different sectors and industries commented that sector-specific perspectives are required since the risk profiles and connections between weather and climate and the operations are very different in different lines of business. Many sectors would benefit from stepwise warnings instead of the now typically used binary threshold where there either is or isn't a warning. Another beneficial development would be predictions that describe impacts on critical infrastructures or key functions within society.
The benefits of expert networks were already shown in the survey and were continued to be emphasized by the participants within the workshop. Internal and external experts are considered important sources of information, and information and experiences from peers have a major role in adopting weather and climate risk related knowledge. According to the participants, it would be important to establish permanent bodies and continuous practices of co-operation instead of launching one project after another and there is a need both for sector-specific networks and co-operation across sectors. Industry associations were suggested as especially fitting for distributing knowledge and maintaining contact between weather and climate service providers and users.
According to the workshop discussions, strong emphasis on the negative consequences of weather and climate may hinder the recognition of business opportunities that successful management of the risks can create. The participants believed that creating products and services to manage climate risks or seize opportunities has large potential markets internationally. The public sector can enable such market creAdv. Sci. Res., 14, 293-304, 2017
www.adv-sci-res.net/14/293/2017/ ation by implementing encouraging regulation and tendering processes. Regulation could, for example, promote integrated risk assessments that include climate risk considerations. The public sector could also proactively procure innovative climate risk management tools.
Regional adaptation was brought up in the workshop as an important perspective since both weather and climate risks and resources to manage these risks vary largely between regions in Finland. This was considered especially true for the public sector, as municipalities have the main responsibility for adaptation activities but are in many cases small and lack funding and expertise. In the face of these challenges investments in regional co-operation would be justified. The forms of this type of co-operation were not detailed in the workshop but in the case of Finland the existing provincial institutions could be suitable to become the aggregators and distributors of regionally relevant adaptation expertise. Currently provinces have a very limited jurisdictional role, but the plan is to change this in a regional reform that takes place in 2020.
Discussion
As presented above, climate risk management can be considered as one aspect of organizational risk management in general, and risk management itself is nothing new to most organizations, be they public or private. How should climate services then be designed and evaluated from the perspective of risk management within organizations? Some conclusions can be drawn based on the above described results as well as from earlier literature.
The results of both the survey and the workshop revolve largely around two broad issues: communication and cooperation. Improving these is clearly the path forward, but it may not be as straightforward as it seems. These are not exactly novel ideas, yet they still come up whenever these issues are discussed. Contextualizing climate services within existing organizational risk management schemes might then offer a practical way of realizing the potential of climate information in adaptation.
With such a small-scale study, the results are only indicative but some relevant aspects can be inferred. First of all, weather and climate risks might not constitute a distinguishable or especially significant category of risks for many users. The management of weather and climate risks is largely driven by their economic implications and the management is spread across different functions and processes. This can be because weather and the changing climate pose very different types of risks and opportunities depending on the sector, time horizon, the line of business, and general perspective. Thus weather and climate risk management is also inherently interdisciplinary and requires combining different types of data, information, and expertise.
Similar findings have been proposed in previous literature. Lash and Wellington (2007) discussed the broadness and variety of climate risk to businesses by distinguishing six types of risks resulting from climate change: regulatory risks, supply chain risks, product and technology risks, litigation risks, reputational risks, and physical risks. Berkhout (2012) pointed out that only few actions in organizations are responses to climate impacts alone -changes are also shaped by drivers, such as technology and strategy. And if climate issues are dealt within a distinct business response, the lines www.adv-sci-res.net/14/293/2017/ Adv. Sci. Res., 14, 293-304, 2017
between adaptation to and mitigation of climate change seem to blur (Linnenluecke et al., 2013) . Regarding economic impacts, the challenge within risk management in businesses is quantifying uncertainty, which in the case of changing climate is inherently complex (Winn et al., 2011) . Our results indicate some challenges in developing climate services. The diverse and dispersed nature on how and by whom climate risks are managed in organizations is a challenge for communicating the potential of climate services to potential users. It also makes it more difficult to form the expert networks that were considered as an important source for information. This may mean that close cooperation can become arduous; such collaboration requires time and effort. Thus developing effective and efficient climate services requires acknowledging that utilizing their potential also requires resources and capacity from the user side. Currently, the lack of resources can be an obstacle. Boundary organizations (see e.g. Guston, 1999; Hoppe and Wesselink, 2014) could be one way to address this issue by mediating the demand and supply of climate services. Developing shared vocabulary and contextualizing climate information are probably necessary steps in the path towards more climate ready society. Perhaps even the concept of climate services itself needs to be reconsidered, if it does not prove useful and engaging.
Conclusions
Adapting to changing climate is inherently a risk management process where actors seek ways to mitigate the negative impacts and seize opportunities brought and created by the change. Based on a survey and a workshop among Finnish organizations and on supporting literature, our study indicates that managing weather and climate risks is diverse and de-centralized. These risks compete and blend in with other risks and changes perceived by the organizations and information is sought from various different types of sources. Climate risk management typically does not form a distinct or separate category of actions or a specific process, and thus the design and evaluation of climate services should take into account this context of organizational risk management processes.
Looked at this way, climate services are essentially about risk management. Risk management in turn is about protecting and developing the organization's core business, be it public or private in nature. Supporting this core business then determines the value of climate services to an organization. Only if this is acknowledged and taken into account in service development can climate services live up to their potential. 
